Idiopathic hypertrophic subaortic stenosis (IHSS) is characterized by subaortic obstruction to left ventricular (LV) outflow. However, the obstruction is variable and many patients have no resting gradient and no clinical evidence of IHSS. Although a characteristic systolic movement of the anterior mitral valve leaflet can be demonstrated echocardiographically in many patients with IHSS, this may be absent in patients without obstruction under baseline conditions. Several necropsy studies of patients with IHSS have demonstrated that the ventricular septum characteristically is asymmetrically hypertrophied in relation to the posterior left ventricular wall. Since echocardiography can measure the thickness of the ventricular septum and the posterior LV free wall during life, we have evaluated the sensitivity and specificity of asymmetric septal hypertrophy (ASH) in diagnosing IHSS. The ventricular septun and posterior LV free wall were measured in 15 patients with IHSS documented by catheterization, 11 patients with other forms of fixed LV outflow obstruction, 52 patients with miscellaneous forms of heart disease, and 16 normal subjects. The mean septal-free wall ratio in normal subjects was 1.03, in fixed LV outflow obstruction 1.03, in miscellaneous heart disease 1.03, while in IHSS it was 1.68. The ratio exceeded 1.3 in all 15 patients with IHSS (including seven patients without a gradient under baseline conditions), and it was less than 1.3 in 78 of 79 patients without IHSS. Thus ASH (1) can be diagnosed noninvasively,
SUMMARY
Idiopathic hypertrophic subaortic stenosis (IHSS) is characterized by subaortic obstruction to left ventricular (LV) outflow. However, the obstruction is variable and many patients have no resting gradient and no clinical evidence of IHSS. Although a characteristic systolic movement of the anterior mitral valve leaflet can be demonstrated echocardiographically in many patients with IHSS, this may be absent in patients without obstruction under baseline conditions. Several necropsy studies of patients with IHSS have demonstrated that the ventricular septum characteristically is asymmetrically hypertrophied in relation to the posterior left ventricular wall. Since echocardiography can measure the thickness of the ventricular septum and the posterior LV free wall during life, we have evaluated the sensitivity and specificity of asymmetric septal hypertrophy (ASH) in diagnosing IHSS. The ventricular septun and posterior LV free wall were measured in 15 patients with IHSS documented by catheterization, 11 patients with other forms of fixed LV outflow obstruction, 52 patients with miscellaneous forms of heart disease, and 16 normal subjects. The mean septal-free wall ratio in normal subjects was 1.03, in fixed LV outflow obstruction 1.03, in miscellaneous heart disease 1.03, while in IHSS it was 1.68. The ratio exceeded 1.3 in all 15 patients with IHSS (including seven patients without a gradient under baseline conditions), and it was less than 1.3 in 78 of 79 patients without IHSS. Thus ASH (1) can be diagnosed noninvasively, (2) appears specific for IHSS, and (3) is independent of the degree of obstruction. Moreover, since our findings indicate that the detection of ASH identifies the pathognomonic anatomic abnormality in IHSS and includes a wider spectrum of patients (i.e. those without obstruction as well as clinically normal family members of patients with IHSS), we suggest that a more appropriate term for this disease entity is asymmetric septal hypertrophy or ASH. Additional Indexing Words: Echocardiography Idiopathic hypertrophic subaortic stenosis Systolic mitral valve motion T-scan I DIOPATHIC hypertrophic subaortic stenosis (IHSS) is characterized by variable subaortic obstruction to left ventricular outflow.' In most patients characteristic physical findings are present at bedside examination and the disease is diagnosed easily. In other patients, particularly those without a pressure gradient under baseline conditions, the physical, electrocardiographic, and roentgenographic findings may be nonspecific and the diagnosis made only after provocative maneuvers are performed at cardiac catheterization and a subaortic Hypertrophic obstructive cardiomyopathy Septalfree wall ratio pressure gradient elicited. Although recent studies using echocardiography have shown a characteristic systolic movement of the anterior mitral leaflet in IHSS) 2-7 this may be absent in those patients who have no subaortic obstruction at the time of study. 3 7 In several necropsy series of patients with IHSS, the ventricular septum has been described as asymmetrically hypertrophied when compared with the left ventricular free wall.8-2 Since it has not been possible to measure both the thickness of the septum and the left ventricular free wall during life, even by routine angiography, the clinical value of documenting the existence of asymmetric septal hypertrophy has been unexplored. Recently, however, advances in echocardiographic technics have made it possible to measure the thickness of the septum and left ventricular posterior free wall reliably and noninvasively.13-16 Therefore, the 225 present study was undertaken to determine (1) if echocardiography can be used to detect asymmetric septal hypertrophy, and (2) if this abnormality is a sensitive and specific indicator of IHSS.
Methods Patients
Fifteen patients with IHSS, 11 patients with fixed left ventricular outflow obstruction, 52 patients with a variety of other types of heart disease, and 16 normal subjects were studied by echocardiography. The diagnoses of all patients with heart disease, including each patient with IHSS, were documented by cardiac catheterization (table 1) .
Equipment
The ultrasound equipment used was an Aerotech gamma transducer (2.25 MHz, 0.5-in diameter, 10-cm focus) connected to an Ekoline-20 ultrasound unit. The signal from the Ekoline was displayed in the M-mode on a Hewlett-Packard 1300A X-Y display and in the A-mode on the Ekoline oscilloscope screen. The signal was also connected via a custom-built video amplifier to a Honeywell 1856 Life Scan Recorder. This oscillographic recorder uses fiberoptics so that spot size is small and, hence, detail increased. The signal was directly and continuously recorded on light-sensitive paper (Kodak rapid-access type).
Echo Technic Septum
The technics to provide clear visualization of the septum involve varying patient position, signal intensity, and transducer location. Each study is begun with the patient in the supine position and the transduicer in Discrete tunnel subaortic stenosis 1 the fourth intercostal space as close to the sternal edge as possible. The ultrasound beam is initially directed through the left ventricular cavity at the level of the mitral leaflets and then angled inferiorly and laterally to visualize the septum below the mitral leaflets. If a clear tracing of the septum is not obtained, the transducer is moved laterally away from the sternum for 3-4 cm. If satisfactory signals of the septum still are not obtained, the above procedure is repeated first in the third and fifth intercostal spaces, then with the patient partially turned into the left lateral position, and finally with the patient's trunk elevated 30-45o. Using this technic, a clear signal almost invariably is obtained from the posterior (left ventricular) surface of the septum. A satisfactory signal from the anterior surface is more difficult to define unless a right ventricular cavity is seen. Lacking a definable right ventricular cavity, it is important to use an intensity-modulated signal display and to manipulate the damping control to vary signal intensity. As the damping is increased it is possible in many of the patients who lack a definable right ventricular cavity to identify a strong anterior septal echo which moves parallel to the posterior septal echo throughout the entire cardiac cycle. Using the technics of varying patient position, transducer location, and signal intensity, the septum can be defined in over 75% of all patients studied.
Posterior Free Wall
The basal portion of the posterior left ventricular free wall is identified by using a modification of the continuous scanning technic described by Feigenbaum.17 The scanning technic originally described involved angulation of the ultrasound transducer beam through the left ventricular cavity primarily in one plane. We found, however, that significant errors in the measurement of posterior wall thickness could be introduced by angling the transducer obliquely through the left ventricular cavity. To overcome this difficulty, we modified the technic so that the left ventricular cavity is scanned in two well-defined perpendicular planes. We refer to this technic as the T-scan method ( fig. 1 ).
The T-scan begins by locating the rapid motion of the anterior mitral leaflet. Once this structure is clearly identified, the ultrasound beam is angled a small amount, usually laterally and inferiorly, until both anterior and posterior mitral leaflets are identified. From this reference point the ultrasound beam is slowly angled in a medial-superior direction. This movement progressively orients the beam from the mitral valve leaflets to the aortic root. Several such mitral valveaortic root scans are performed with the operator noting the axis of motion. This axis of motion defines the direction of the "major sweep" and corresponds roughly to the direction of the long axis of the left ventricle. The major sweep usually parallels an external reference line drawn from the right shoulder to the left iliac crest. Once the direction of the major sweep is established clearly, a complete major sweep is recorded, beginning at the aortic root and ending at a point just below the tip of the mitral valve leaflets ( fig. 2A ). From this point below the mitral valve, the "minor sweep" is begun by Circulation, Volume XLVII, February 1973 angling the transducer perpendicular to the direction of the major sweep. This perpendicular angulation defines the direction of the minor sweep and tusually parallels a line drawn from the left shotulder to the right iliae crest.
Several minor sweeps are performed with the strip chart recorder running continuously. As can be seen in figure   2B , at onie extreme of the minior sweep a very small septal-posterior wall transverse dimension is defined. As the transducer is continuously angled along the minor sweep the transverse dimension widens and passes through a maximum before again proceeding to a small septal-posterior wall dimensioni. During the midportion of the minor sweep, the damping control is increased so that the epicardial and endocardial surfaces of the posterior wall can be distinguiislhed from contiguous structures.
Circulation, Volume XLVII, February 1973
Record Analysis
Measuremenits of the tlicksness of the septum anid left ventricular posterior free wall were made dIur ing venitricular diastole after the end of the r-apid cliastolic filling period buit before the posterior motion of the left ventricular free wall caused by atrial systole. In order to miniimize as much as possible the subjective decisions often involved in deciding which signals represenit the surfaces of the septum and posterior free wall, the following criteria were developed.
Septum
The anterior and posterior surfaces of the septum were recorded as parallel lines that moved relative to the stationary transducer. Signals that were not present colntinuiiouisly tlhroughoult an enitire cardiac cycle, appearing onily duiring systole or diastole, were rejected as not being representative of true septal thickness. This type of signal usually is seen on the posterior surface of the septum during systole and probably is caused by wall irregularities or trabeculae which converge during contraction. Another potential source of confusion in identifying the thickness of the septum in patients with IHSS relates to the gross anatomic studies that have shown that maximum septal thickness occurs midway between the aortic root and the cardiac apex.12 As a result, septal thickness was measured below the mitral leaflets.
Posterior Free Wall
Since the number of density interfaces in left ventricular myocardium is small compared to the lung (where numerous air-tissue interfaces occur), the signal returning from the left ventricular myocardium is much less intense than the signal returning from adjacent lung. Thus, when damping is increased, the left ventricular myocardial signal becomes less intense and may even disappear while the stronger lung signal remains. This provides a convenient method for identifying the epicardial surface in patients without significant pericardial effusion. Identification of the endocardial surface, however, is more difficult because of structures anterior to the endocardial surface, such as chordae tendineae, which may be mistakenly included as part of the left ventricular wall (fig. 3A) . In most records, these anterior structures could be distinguished easily from the endocardial surface by an echo-free space and a characteristic motion pattern different from the epicardium. 17 Another potential source of error was discovered in a small number of records in which diastolic posterior wall thickness varied by more than 2 mm when measured in different sections of the same record ( fig.  4 ). It was noted that when such variations occurred, the width of the posterior wall that appeared thicker during diastole often did not thicken further with systole as it did in other sections of the record. This finding suggested that the ultrasound beam might be oriented obliquely in relation to the posterior wall and thereby provide an inaccurate measure of posterior wall thickness. To evaluate this hypothesis, we calculated the amount of wall thickening that should have occurred for any given change in cavity diameter.
The following assumptions were made: (1) A crosssectional slice of unit thickness through the ventricle at the level of ultrasound measurement would approximate a concentric annulus. (2) The wall volume in this annulus would remain constant during diastole and systole. (3) The cavity would decrease in size symmetrically during systole. (4) Three variables would be measurable: diastolic cavity diameter (Dd), systolic cavity diameter (Ds), and diastolic wall thickness (Td). The fourth variable-systolic wall thickness (T8)-could be calculated from these three (using the following equations) and compared with the measured systolic wall thickness. Usinig the derived equiationi we founiid that the predicted systolic left venitricuilar wall thickening ofteni did niot occur in those sectionis of the record with the smallest diastolic transverse dimension and the thickest posterior left ventricular wall ( fig. 4B ). This was compatible with the suiggestioni that when predicted left ventricuilar waii thicekeninig was niot observed the uiltrasounid beam was passling through the left venitricullar. cavity off-ecenter an-d thiereby oreiented obliquiely in relation to the posterior. wall. Sinice this cou-ld cauise the posterior wall. to appear thicker-thiani it actuially was, we limited the measuiremenit of diastolic left veintricular. fr.ee wall thickniess to those sectionis of the (lampe(l record in whiichi the maximuim diastolic transverse dimenision was visualized by the T-scan techinic, an-d the pr-edicted sy,stolic wall thiickeniniig was obser-ved ( fig. 4A ). The actual calcuilated valuies of wall thiickn-ess wei.e uised for thils studv. However, whien th-e enitire range of measllred(ldiastolic and systolic cavity diam-eters anid diastolic wall thicknesses weie employed to calcuilate whiat the mlinimutm per.cenitage chanige in systolic wall thiickniess couild be, we founi-d that th-e miiiminimu percentage. thickening of the left venitricuilar. free wall shouild he at least hialf of the per.cenitage chanige in cavity diameter.. For example, if the cavitv (liameterdecr-eases duini-ig systole by 40%, theni the wall shouild thiicke-'n by a minimum of 20%. (Thie expected percentage changes wer.e obtainied by solvinig the above equiationis for lie-angling fr-om 10 to 80 mm fordiastolic and systolic cavity diam-eters,. and fr-om 6 to 30 m nm for, (lia,stol,c, xs,all thicknesses.) Ciru/ation. Volume XLVII., February 1973
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Results
Representative echocardiograms are shown in figure 3 . Thickniesses of the septum and left venitricular posterior-basal free wall, and the septalfree wall ratio in each group of su-bjects studied are depicted ini figures 5 and 6.
In the 16 normal subjects, mean septal thickniess was 9.7 ±-0.6 mm with a rangle of 8-10, and left ventricular posterior free wall thickness was 9.4 -~0.9 mm with a range of [8] [9] [10] [11] . The ratio of the thickness of the septum to posterior free wall was 1.03 ±+ 0.07 with a range of 0.9-1.1.
In the 11 patients with fixed left ventricular outflow obstructioni, the mean thickness of the septum was 14.4 ±-2.9 mm with a range of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and the average posterior free wall thickness was 14.0 ±, 2.3 mm with a range of 10-18. Septalfree wall ratio averaged 1.03 -+0.06 wvith a ranige of 0.9-1.1. Septal-posterior free wall ratios were also obtainied in 52 patienits with various types of cardiac disease. The average ratio was 1.03±-t0.08 with a ranige of 0.9-1.4.
In the 15 patients with catheterization-documented IHSS, the mean thickness of the septum was 22.2 ±+ 5.2 1111 with a range, of 16 32. This value was significantly greater than that of patients with fixed left ventricular outflow obstruiction (mean difference 7.7 ±-4 1.7 mm, P < 0.001). Posterior free wTall thickness, however, was similar to that of patients with fixed left ventricular outflow obstruction and averaged 13.2 + 2.0 mm with a range of 10-18. The septal posterior free wall ratio in IHSS averaged 1.68 0 0.2 with a range of 1.3-2.1. This mTall ratio in patients with IH1SS was significanitly greater (P < 0.001) than] that of niormal subjects, patients with fixed left ventricular outfloxv obstruction, anid patients with various types of cardiac disease. Discussion
The results of the preseint study inidicate that the ventricular septum of patients with IHISS characteristically is hypertrophied to a greater extent than the posterior-basal free wall of the left ventricle, and that this diagnostic feature can be detected by echocardiograplhy. In 15 patienits with catheterizationdocumented IHSS the septal-free xvall ratio averaged 1.68 anid exceeded 1.3 in every case. In contrast, the mean septal-free wall ratio averaged 1.03 in ealch of the three control groups: 16 normal subjects, 11 patients with fixed left ventricular outflow obstruction, and 52 patients with miscellaneous forms of heart disease. Of the total of 79 subjects studied who did not have IHSS, 78 had a septal-free wall ratio le(ss than 1.3. Thus, the noninvasive detection of asymmetric septal hypertrophy appears to be a diagnostically specific and sensitive finding of 1ISS.
It is of interest that our results are in agreement with several necropsy studies demonstrating that patients with IIISS have a ventricuilar septum disproportioniately hypertrophied in relation to the remainder of the left xventricle.8 1-Indeed, Teare was sufficiently impressed by the "asymmetrical hypertrophy" he founid in eight young adults who died suddenly (and who presumably had IKISS), that he referred to this condition as a "b)enign tumour of the heart."8 More recently, Roberts has reported a necropsy series of 32 hearts from patients with a clinical diagnosis of IHSS. In this group, 25 hearts were from patients with catheterizatioi-docuinented IHSS. On the basis of his normal subjects, 11 patients with fixed left ventricular outflow obstruction, 52 patients with miscellaneous heart diseases, and 15 patients with IHSS. Note that only one of 79 patients without IHSS has a ratio greater than 1.3 while every patient with IHSS has a ratio of 1.3 or greater.
Circuiation, Volume XLVII, February 1973 postmortem studies of Menges et al.,10 who showed that a disproportionately hypertrophied septum was not a general feature of hypertrophied hearts. These investigators measured the width of the ventricular septum 1.5 cm below the junction of the muscular and membranous septum and measured the posterior free wall at a point of average thickness. Twenty normal hearts had a mean septal-free wall ratio of 0.95, and 50 hypertrophied hearts (presumably from patients without IHSS) had an average septal-free wall ratio of 0.98. No normal heart and only one of 50 hypertrophied hearts had a ratio greater than 1.25 . In contrast, the septal-posterior free wall ratio ranged from 1.6 to 1.8 in postmortem specimens of three patients believed to have IHSS. Although it is possible that a rare patient falling into the IHSS spectrum may have symmetric, concentric hypertrophy of the left ventricle,9 the results of the present study, combined with the necropsy reports, [8] [9] [10] [11] [12] suggest that virtually all patients with this disease have asymmetric septal hypertrophy.
Another important observation of the present investigation was the finding that the echocardiographic demonstration of asymmetric septal hypertrophy was independent of the magnitude of the left ventricular outflow pressure gradient present during baseline conditions or during provocation. Thus, seven of our 15 patients with IHSS and asymmetric septal hypertrophy had gradients present only during provocation, and three of these seven had maximal provocable gradients that did not exceed 35 mm Hg. Anatomic corroboration of this finding is found in Roberts' series in which 10 of 11 patients with no subaortic gradient under baseline conditions were found to have asymmetric hypertrophy of the septum at necropsy12 (Roberts WC: Personal communication). Moreover, we recently have detected asymmetric septal hypertrophy, without evidence of obstruction during provocation, in patients with clinical diagnoses of "<nonobstructive hyperthrophic cardiomyopathy," and "idiopathic left ventricular hypertrophy," as well as in asymptomatic family members of patients with catheterization-documented IHSS. 18 Thus, the term asymmetric septal hypertrophy identifies what would appear to be a specific anatomic abnormality and encompasses a wider spectrum of the disease than the more restrictive and commonly used terms "idiopathic hypertrophic subaortic stenosis" (IHSS) and "hypertrophic obstructive cardiomyopathy" (HOCM). The need for a more appropriate and useful description of patients presenting with a disorder fallinig within the IHSS spectrum has been recognized by several clinical investigators4, [19] [20] [21] [22] and the importance of defining the patients with this disease in less ambiguous terms has been stressed. 22 The names hypertrophic cardiomyopathy (obstructive or nonobstructive )20 and hypertrophic myocardial dystrophy21 represent attempts to deal with the inconstant nature of the obstruction in this disease. This nomenclature suffers from the lack of a characteristic abnormality that can be used to distinguish the IHSS spectrum of patients from patients having cardiomyopathies with normal-sized left ventricles (i.e. restrictive cardiomyopathy, amyloid heart disease, and so-called "idiopathic left ventricular hypertrophy"). The term asymmetric septal hypertrophy has the advantage not only of providing a concise acronym, i.e. ASH, but also of emphasizing a highly specific anatomic marker that can easily and reliably be detected by a noninvasive technic. Moreover, we also have shown that the subaortic pressure gradient in patients with IHSS can be determined with the echocardiogram alone.7 Therefore, patients can be described conveniently and unambiguously, after simple echocardiographic examination, as having ASH with or without obstruction to left ventricular outflow.
Although echocardiographic demonstration of the characteristic systolic movement of the anterior mitral valve leaflet2-7 is also helpful in the diagnosis of IHSS (or ASH), we now have studied several patients with IHSS and asymmetric septal hypertrophy in whom the abnormal systolic motion was absent under baseline conditions.7 In these individuals a gradient and leaflet abnormality could be demonstrated at catheterization only after provocative maneuvers. Thus, asymmetric septal hypertrophy appears to be a more sensitive marker of IHSS than the abnormal systolic movement of the mitral valve.
It must be emphasized that the reliability of the echocardiogram in detecting asymmetric septal hypertrophy is critically dependent on several important recording technics, which if omitted could lead to false-positive or false-negative diagnoses. The potential pitfalls relate to the fact that it is sometimes difficult to define accurately the anterior and posterior borders of the septum and the posterior free wall of the left ventricle. Using the technics detailed in the Methods section, however, we believe that these potential errors can, with rare exception, be avoided. For example, it is important to vary patient position and transducer location while the damping control is being altered in order to define clearly the anterior and posterior surfaces of the septum at a point below the mitral leaflets. In addition, the posterior free wall should be scanned using the T-scan technic to provide clear definition of the maximum transverse dimension of the left ventricular cavity. By limiting measurement of left ventricular posterior free wall thickness only to those portions of the record in which (1) the maximum diastolic transverse dimension is present, and (2) the predicted systolic left ventricular wall thickening is observed, errors due to the ultrasound signal passing obliquely through the left ventricular cavity are largely eliminated.
In conclusion, our results indicate that it is possible to identify patients with IHSS on the basis of the echocardiographic demonstration of asymmetric septal hypertrophy. This abnormality is independent of the existence of a left ventricular outflow gradient and provides a clear separation of patients with IHSS from normal subjects, from patients with other forms of fixed left ventricular outflow obstruction, and from patients with a wide range of cardiovascular abnormalities. Moreover, since our findings indicate that the detection of ASH identifies the pathognomonic anatomic abnormality in IHSS and includes a wider spectrum of patients (i.e. those without obstruction as well as clinically normal family members of patients with IHSS), we suggest that a more appropriate term for this disease entity is asymmetric septal hypertrophy, or ASH.
